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Challenges in _omputer _ided

_esign/_utomatic _ost Estimating for

Government and Aerospace Construction

by

Joseph A. Brown, CCE

DF-FED, Lead Cost Engineer

Kennedy Space Center, FL 32899

INTRODUCTION

The purpose of this presentation is to suamm-

rize the many years of effort in development

of Computer Aided Design/Auton_tlc Cost Esti-

mating using a VAX mini computer (CAD/ACE) by

explaining the reasons, the purpose, goals,

possible productivity improvements, problems,

challenges and some solutions; thereby helping

those computer professionals in industry and

government to learn from our accomplishments

and difficulties. This will help the con-

struction industry to understand why and how

to use this futuristic cost estimating system.

By listing the 24 problems, difficulties and

challenges, the next generation of CAD/esti-

mating will _e better, faster and cheaper.

Computerization of ACE will benefit the Gov-

ernment, aerospace and construction indus-

tries, and our society. Our main purpose is

to improve estimating accuracy, save time in

estimating by making it faster and more auto-

matic, thereby saving money. It will ilso

provide time for more cost engineering and

ultimately more cost effective and efficient

construction.

The present manual and computer estimating

methods require time consuming quantity take-

offs, looking up, pricing out and marking up

of cost estimates. A CAD�computer system can

do this faster and be more accurate, using the

CAD drawing file for quantities extraction.

Three of our goals; to keep it simple, easy to

use, and do as much as possible automatically;

are probably our biggest challenges. An oper-

ational analysis and efficiency analysis of

manual versus computer estimating will be

shown with projection for CAD/ACE, with the

impact of customization of CAD estimating

software for Government and aerospace. Flow

charts, graphics and estimating steps neces-

sary for the CAD Estimating System being

tested will be shown along with a sample com-

puter estimate, bids, CAD esti_te and menu.

By explaining some of these problems and solu-

tions, it is hoped that with many other engi-

neering computer professionals involved in the

development of different concepts, productiv-

ity improvements may move successfully to

overcome problems faster and more effectively.

HISTORY - BACKGROUND

COMPUTERS, CONSTRUCTION COMPUTER ESTIMATION

In the mid-sixties (1963-1967), computers were

successfully used in design, planning, sched-

uling and construction of the Vertical Assem-

bly Building (VAB), the world's largest build-

ing at the time of construction. The 57,000

tons of structural steel were computer coded.

This 120 million dollar building was success-

fully completed and was an important milestone

for the successful Apollo Lunar Program, with

man's first moon landing in July 1969.

Computer Symposium

On November 7-8, 1969, the Florida Section of

the American Association of Cost Engineers

(AACE) held its first symposium, "Computers

Axe Working In Construction," at Cape Canav-

eral, Florida, featuring some creators, devel-

opers and pioneers of Computer Estimating,

Cost Control, Accounting, and Planning Sys-

tems.

_q_posium Proaram

COST ACCOUNTING - Carl Brown of Wellam

Lord

(Computerized) PIPING EFFICIENCY

PROGRAM - T. G. Papavero of Catalytic

Construction Company

COMPUTER PLANNING AND SCHEDULING -

Jessie Taylor of Wellam Lord

IBM PRESENTATION - Computer Control of

Apollo Using 360 Model 40

TELEPROCESSING - Paul Spindel of McKee,

Berger and Mansuetto

COMPUTERIZED ESTIMATING - Bill Orr of

Cost Systems Engineers_ Inc.

PRDVES/COST OF MAJOR EQUIPMENT

SCOPE/PDQS - AACE President, Gus Enedy of Dia-

mond Shamrock Corp.

On February 29, 1972, J. A. Brown sent a

5-page memo to KSC management on the potential

benefits, etc., of Computer Estimating to KSC

aerospace construction. In 1974 a new design

engineering support contract was let to PRC,

who operated a new Computer Aided Drafting

(CAD) System, Applicon , which provided a lim-

ited bill of materials and proved that the

real value of CAD was in revision; new and



similar projects could be used over again,

saving the initial data entry, which took

nearly the same time as manual drafting. In

1978-79 Mr. Ed Rich, Navy Cost Engineering,

reported on development on computer aided cost

engineering with computer cost database. On

June 4-8, 1979, Cost System Engineering, Inc.,

(CSEI) had a training seminar at KSC on Auto-

mated Construction Estimating Using the 0rr

System of Construction Management which

resulted in the following:

TRIAL USE OF COMPUTER ESTIMATING SYSTEMS

Problems Encountered June 1979 - August 1980

The following are typical problems an estimat-

ing section had with the computer estimating

system using a main frame on a time-sharing

basis:

I. Frustration with equipment, telephone

instruments, interface, terminals, service

bureau, computers, etc.

2. Resistance to new ways of doing things.

3. Inability to fully comprehend complex com-

puter system with all it's flexibility.

4. Lack of desire to devote adequate effort

to develop a_d use system.

5. Inadequate manpower capability in Estimat-

ing/Cost Engineering.

6. Expected computer system tO automatically

estimate accurately with little or no extra

input or adjustments. Did not use labor and

material difficulty factors to adjust estimate

to Job conditions.

7. Fear of loss of job.

8. Stress - eyes (bifocal glasses), fatigue.

Comments and Recommendations of Cost Engineer

Observer, August 1980 - December 1981

1. Computer system must be made simpler and

easier to use.

2. If possible, eliminate need to look UP

cost codes and have data more easily entered

in computer.

3. In CAD have quantity survey done by com-

puter eliminating need for costly time-consum-

ing task and cost codes and ready to input

into computer estimating system.

4. Develop program for standard format to

simplify computer use initially. Later as

experience develops, this flexibility can be

explored.

5. Get another company (estimating section)

that is more receptive to modern technology.

6. When owner/A&E/contractor goes to exten-

sive computer estimating, a computer terminal

operator and computer program (software/hard-

ware/data base) manager may be needed for six

months to three years to keep system working

properly and to develop additional capabili-

ties until owner personnel are ready to take

over total system responsibility. (Confirmed

by other cost engineers during specialized/R&D

work.)

7. An extensive training/incentive program

will be required to insure a successful cost-

effective computer estimating system.

8. Provisions need to be made for eyeglass

users reading CRT's to prevent frustrations;

i.e., bifocals, etc. Better CRT's - resolu-

tion, adjustability, becoming more available

in 1983.

AN IDEAL COMPUTERIZED

COST ESTIMATING SYSTEM

Based on comments of Cost Engineer Observer

and ideal computer Estimating System with 16

Features/Requirements/Capabilities were devel-

oped, some of which included:

Simplicity - The system should be simple, easy

to use, understand, learn and maintain.

Interactivitv - Allow quantity inputs, cost

codes from computer design drafting system to

provide Automatic Computer Cost Estimates thru

CAD/ACCE/CADD. This would have five-way inter-

activity through CAD, design, cost, construc-

tion, plan and schedule, and management. Note:

July 1989, ACCE changed to ACE by author.

Judmment Factor - Allow for estimator/cost

engineer (E/CE) Judgment factors.

Maintenanc@ - Ensure the labor and materials

prices, data base, etc., are properly main-

tained to give complete, current, accurate

cost information. Have a large, accurate

up-to-date and complete data base.

Review and Updatina Capability - Have quanti-

ties, labor and materials, unit prices, and

totals in all detail printouts for easier

review and updating.

Have mechanical and electrical labor costs in

manhours for easier review and updating.

Detail Breakdown - Provide labor and materials

breakdown with total manhours, per task and

craft, and crew days for planning and schedul-

ing; for CPM and construction duration; and

for procurement and subcontractor information.

Provide Metric-American conversions.

Automatic A_Ju$_ment - Have prices automati-

cally adjusted to the local construction envi-

ronment with minor input.
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Computer Ouantities - Have the ability to com-

pute quantities. For example: for concrete

LxWxHx No. of rows to give cubic yards (CY) of

concrete and square foot contact area (SFCA)

of form work. Not as necessary if it had CAD

capability.

Summaries and Oruanized Systems - Have the

ability to summarize in many different ways --

bid, trades, labor and materials, 16 CSI divi-

sions, buildings, parameters, budget, systems,

etc.

Organized for cost engineers, estimators,

accounting, cost control, plan, schedule, etc.

All TyPes of Estimates - Have capability to do

budget/conceptual, preliminary, detail labor

and materials, bid, etc.

Other Comments - Using Orr city to city is

good. Needs graphics to give engineers better

overview and also serves as a good check

sheet.

_qust 29. 1985 - NASA KSC signs contract for

$1,350,059 for eight Intergraph work stations,

VAX processing and integrating 39 design pack-

ages and estimating software ($31,500), etc.

Estimate package proposed was using a Means

Cost Data Base. err system was not proposed

as he was not low sub bidder (wanted more

because of extensive development time {15

years} and costs and royalty on future

licenses.) Also, Orr data base not updated

for two years (October 7, 1985, CAD Estimating

Memo). Also did not have a deliverable prod-

uct for VAX/VMS.

Other C_pabilities - These features, with

emphasis on CAD/Estimating for Quantities,

were the basis for the author advocatina the

CAD/ACCE simple concept since 1980 and pro-

jecting a state of the art Project Integrated

Computerization (PIC) concept to integrate

design, specifications, cost, construction,

plan and schedule, management and occupancy -

interactive integrated systems. See Chart

(1983-1989), Figure 3. This simple concept

was to get the quantities from computer aided

design system and use a linkage program to

hook it to an CSEI Orr type system which was

the most complete and flexible computer esti-

mating system to make cost estimates automati-

cally, especially since the err system had

been set up with cost codes for budget, pre-

liminary and detail estimating.

Tmmact of C_, June 29. 1982 "The Impact of

Computer Aided Design on Cost Engineering," by

Ed Zamoski and B. E: Seals, at the AACE 1982

ANnual Meeting in Houston, TX, reinforces the

author's commitment to CAD estimating with

excellent technical and slide presentation.

Goddard CAD System Study Frank O. Grady of

Goddard Space Flight Center presentation,

"Computer Use in Facilities", December 8-10,

1982, Cocoa Beach, FL. Serves as an excellent

overview in selection of CAD systems, capabil-

ities and costs and limited CAD/Estimating.

First CAD Estimates - 1983 - 1986

- Intergraph selects IBIS-CALC

European Estimating Software Package in Lieu

of Means. IBIS-CALC had no cost data base but

had ability thru correlation table to get more

usable construction estimating quantities,

such as cubic yards of concrete, form work,

rebar, etc.

_rch II. 1986 - Manual vs. Computer Estimat-

ing vs. CAD/ACCE. The following is an opera-

tional and efficiency analysis for manual

estimating and computer assisted estimating as

shown in "Cost Engineering," Volume 25/A3,

June 1983, in an article by Lawrence C. Bather

of Gilbane Building Company, 7 Jackson Walk-

way, Providence, RI 02940. The original

charts have been extended by J. A. Brown,

3/11/86 (indicated by *), to include Projected

Computer Aided Drafting and Design/Automatic

Computer Cost EStimating CAD/A_CE* and revised

7/20/89, based on experience from developing

CAD/ACE prototype project Propellent System

Component Lab) PSCL.

Fljure I Opersclon AnalyslJ
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Summar _.zat :Lon Presentation.

___J_l_by Owens Coming Fiberglass,

Administrative Engineering Service.

ComDutervision and err by Robert Shaffer,

1981-1986; had mechanical electrical up and _,L,L,,

running in 1983. Had total CAD/Estimatlng,

using Computervision/Orr Estimating/Apollo/Au-

toTrol/Focus on IBM mainframe as of August

1986, with over 800 projects on file. System

makes ROM'S with plus or minus 25% in $1Q to

$20 million projects in 80% less time than

manual estimating. Master code of accounts

for all cost codes cost $2.5 million for

development. Estimates by: Standard Process _.,.,s_ _, m

Function, Unit Costs, and Standard Sets.
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** A new item has been added for CAD/ACE which

may require 10-20% more time for customizing

for CAD projects and for special intelligence

input to CAD design to develop correlation

tables, etc.

Auuust 15. 1986 - Hank Perkins and J. A. Brown

go to Huntsville, AL, for IBIS-CALC demonstra-

tion, Pyramid Assembly Program (See Chart,

Figure 4), with 26 levels of detail budget to

detail labor and material unit prices. IBIS-

CALC developed by Integrated Building Informa-

tion System, developed by Tricht and Brink and

European Co. Headquarters in Leidschendam,

Holland, making this an International Computer

Estimating System.

CONSTRUCTIONDOCUMENTSPHASE
COST ESTIMATE

LIE',_&II

• ,............................................... J

FJ_._- :::::::::::::::::::::::::::::::::::::::::::::

............................................:--"

...... W

January 12. 1987 - DL-NED/DF-FED LCE contacted

Navy Facilities Engineering Command, A.

Sadler, II, Head of _ost Engineering Branch,

concerning our use of Navy computerized cost

data base with IBIS-CALC System Estimating

Package because of their current and most com-

plete data base with Alpha numeric Cost Code

System linked to SPECSINTACT system with good

work description. Formal request by J. Phill-

ips, DE, Director of Engineering Development,

March 2, 1987. Formal approval given on April

17, 1987, by Harry M. Zi_merman, Navy Engi-

neering and Design.

January _. 1988 - EG&G establishes IBIS-CALC

Project Preliminary Requirement, by Carlos

Ablanedo.

March 2, 1988 - DE support contractor hires an

engineer, Pat Tannner, to aid in development

of CAD/Estimating.

March 22. 1988 - Memo. April 5-8, 1988, Brinks

- Intergraph install Architectural Quantity

and demo IBIS-CALC introduction and training

given to KSC/DF-FED/EG&G, C. A. Swinkel, D.

Mueller. Flow chart with Architectural Produc-

tion Design Product (APDP) and Data View

Development. (See Figure 5)

! i

I

! i

APril 19@@ - Management presentation to Jim

Towles, Director, Facilities Engineering, by

DF Lead Cost Engineer, on CAD Estimating

goals, purpose, need for training and projects

designed on CAD to make estimating for elec-

trical design projects. T3-T4 power feeder CAD

design - go ahead given. Other projects:

Pre- Engineered Metal Building (PEMB) and con-

crete masonry building (PSCL).

KSC CAD/ZSTIMATING MILESTONES

EG&G delivered a draft Intergraph/IBIS-CALC/Navy

Data Base Cost Estimate for the pilot project to

KSC Lead Cost Engineer on July 7, 1988. After fine

tuning the IBIS-CALC/Navy Estimating, the next s_ep

is to put the pilot proJec_ in IntergraphZCAD-APDP

to get class codes for preliminary quantities.

October Ii, 12, 1988 - Summary Briefing to Computer

Engineering Software Developer (Brinks Group repre-

sentative)

Goals - To make CAD/Estimates automatically; to

save time and money; to improve accuracy of quan-

tity take-off, prices out and mark-up; to allow

more time for value e_gineering, cost engineering,

etc.; and to reduce turn-around time on critical

projects from weeks to days.

Possible Solutions to Estimatinu Problems

A. When Design on CAD - Bill of Materials

from CAD to AQUA (architectural quantities) to

IBIS-CALC (European estimating software package) -

pull from Navy cost database to price ou_ and

mark-up to reduce estimating time 40-70%.

Allow estimator/cost engineer to:

i. Add line items missing from estimate, such as

testing, equipment, cranes, etc.

2. Adjust prices for a particular project by expe-

rience, vendor quotes and major cost items, cost

analysis of items such as steel, fill barrow, form

work, duct work, etc.



3. Make reports and summaries for different

situations - cost engineering, cost reduction,

plan and schedule, etc.

4. Have minimum cost engineering computer

data entry input - I0 line items of commands

to get estimate.

See Flow charts - Computer flow chart of soft-

ware programs/interface: CAD/APDP - Architec-

tural Production Data Package; AQUA - Archi-

tectural Quantities; IBIS-CALC; Project File;

Databases - Navy, NASA KSC, CACES, Reference

Project.

B. When the Design is Not on CAD - The

Navy is developing a sonic digitizer system to

speed up estimating take-off and make computer

aided estimating faster and easier, but not as

fast or as accurate as CAD/ACCE.

C. Prototype -

i. Electrical Design Project - T3-T4, Figure

6.

2. Concrete, masonry, office, lab, 4100 SF

CMU - PSCL, Figure 7

3. Pre-engineered metal building (PEMB)

D. Work to be Done - Correlation Table

of Relations and Formulas (link class code to

cost code) by Pat Tanner/Joe Brown/System Engi-

neer.
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E. CADI_CE Problems, Difficulties and

Challenges

i. APDP drawing not complete for PSCL: graph-

ics, concrete and block; dimension; descrip-

tions, finish schedule.

2. IBIS-CALC Format - Summary of labor and

material, units quantities and unit prices;

separate labor and material mark-ups are not

available in Version 2.37 (IBIS-CALC Version

3.0 to solve these problems, Kees said)

3. Present Intergraph CAD, IBIS-tALC Navy

System, relationship not complete - civil,

mechanical and electrical not integrated.

(Some mechanical and electrical fixtures can be

incorporated by noting them as components in

APDP.)

4. Many quantities missing from APDP/AQUA -

foundations, structural, etc.

5. Excessive training time required to under-

stand and use the system. (May require six to

eight weeks of training time and hands-on to

become proficient; after system up and running

- I think 10-24 weeks, for formal classes,

supplemental training and practice.)

6. Keeping computerized cost data up to date

for local areas.

7. Limited budget to ideally customize

CAD/ACCE System.

8. Limited priority, resources.

9. Difficulty making CAD/ACCE faster, simple

and easy to use.

10. Difficulty in getting A&E'S to use Inter-

graph CAD, APDP (Auto CAD - Cheaper and easier

to learn and use).

ii. Intergraph efforts are being concentrated

on microstration for auto CAD competition.

12. Low priority allocated to processing

causes the slow VAX computer software/cos_

database loading time of 27 hours. (Kees said

individual stand alone work station coming in

two years will solve some of this.)

13. Lack of user (cost engineering) input in

software program development. (Intergraph may

be hiring a cost engineering consultant by

early 1989.)

14. Difficulty in putting together off-the-

shelf programs (APDP, AQUA, IBIS_) for

customized Government application.

15. Negative finishes problem due to corrupt

drawing file - October 1988/memo, 3/2/89

16. IBIS-tALC Computer Aided Design/Automatic

Cost Estimating using a VAX mini computer

Estimating Program cut itself off (built-in

timer) 7/1/89

7

Note: New compact disk CD-ROM disk with Octo-

ber 1988 cost database due January i, 1989

(which includes Navy CES, NASA, Army and Navy

specification system).

Comments, Discussion and Summary

More experienced personnel dedicated to Archi-

tectural/Structural APDP are required.

Additional Intergraph APDP projects are needed.

Doing the review of the AQUA report file, it is

most important that the designer, computer

technician, estimator and LCE, especially,

evaluate error messages for intentional errors

or mistakes, and check quantities for correct-

ness or reasonableness. (i) Close open spaces

to get better quantities, (2) Floor area =

finish floor quantities, (3) Wall area = 2 x

finish areas; single walls have two sides.

Doing the review of the IBIS-CALC report, which

is used to generate the correlation table, the

designer, estimator, computer technician and

LCE work together to standardize the correla-

tion table for future projects. (It took

Brinks 15-20 projects to get most of their

(90%) class codes/correlation tables. They are

also using their CAD estimates to generate

their specification sections.)

After we get the APDPdrawing corrected and

completed, it may take 1-7 days (?) for a cor-

relation table to ge_ a more complete estimate.

COMPUTER ESTIMATING

The computer 90% design estimate for Orbiter

Landing Faciliy (OLF) 60 Hertz (cycles) Power

T-3 and T-4 feeder was delivered to J. King,

DF-FED-21, by J. Brown on November 3, 1988.

This project was designed on Intergraph 2D

Generic CAD by Tay Fitzgerald and R. Cason.

This is an important milestone in our goal

toward CAD�Automatic Computer Cost Estimating

(CAD/ACCE). EGG/BOC-139 computer technician,

Pat Tanner, inputted Tay's estimate into IBIS-

CALC stand-alone estimating program on VAX.

The Navy database was used as a reference file

for cost and supplemented with vendor quote and

KSC unique cost data, Figure 6.

KSC CAD ESTIMATING MILESTONE

A CAD Estimate for the PSCL Building was deliv-

ered to DF-FED Lead Cost Engineer on November

17, 1988, by Pat Tanner, based on PSCL drawing

for APDP class codes for quantity. See Figure

8, A, B, & C.

February 23, 1989

The apparent low bidder for replacement of

power feeders at the Shuttle Landing Facility

is GF&L Construction of ColumDia, SC. This

project was bid February 23, 1989, as shown:

6



I I IIiIH I II III I III II I Ill I II IIII III I I I IIII I I I

Preje¢l ; PLOT4 PILOT wITN PLOT r_q_INe P_Lnt I*_t Q3-2_*QqP,_mtIl_l 12 411I

Indem41II: 01-IT*If p_i i i

[Iti_te : ,_-A| | . I _u_ll • BImml UB

¢Idenu_ler OessrLpt|on bent. IJ_lt _er vntt hsvr| L4be_r I_terti|_ [_uipaeR| Ivl-cestr ?stall

03 D[_ZSICI_ II! .............................

03 tO

G3 LO 0

X*lllEq¢ FC_IM ¢0L PLY_ 3-USE 10:r]?4 Id r 3. t$23¢t 0s 2_01 05

E-|[SFRA _qM _iVAT_D I_A5 PLYWD qI 21 f_ I 61 |_I || 15I II
E-IES_RA F&An I[_qS _S_PP_qTED 1_1S 2I _r 3 _I5_iS. 0_ 5_15 05

t-][5Yl_ _0_fl l_Lk| TO ib' PLV_O _S2I $3 f_ _ 513_42 60 3_43 t0
I-I_¢FPH D _DO_ FOR_q_ _AB _ _RA_ 1016 _9 _ I. 0_11G4 53 II0_ _2
I-_[IIN¢ FON_ ¢_ PLY_0 ]_JM lG_3. 74 _1 0I It I_ 22

I 2EI_A FON_ [LEv*TED I_AI P_V_D 9I _I I_ | _O 1_4 45
I-XI_A F_q_ If_S U_S_PPORTED fill 21 IF 2 16 31_0 $3

I-.XlV_A _0_ b_4_l$ TO It ° PLY_D llIi 52 _r I. II 23_3 3t
I-_CFP_. D IGG[ ro_ _._1Cti IR_I_ 1Ot/._l IJ r O. 2I _14 7I
I-_IIN¢ FORfl criL P_Y_0 _ IO_. 74 I1_ 0.011 4_. |4

Z*x_r_A _C_ _IvAT_D l_A8 P_Y_D q_ 21 IF • O_ 4. _t
I-_l_RA FQR_ I_l_P_O I_IS._V O. 0q 145_3_
I-XIVIA _0Rn _I TQ 1&" PLY_O " 152II. 53 r_ o. 01 l_2I

I-XCFPH. D ID_[FC_InS IU.A8 oN_q_4D_ t01kq_ O. 0_ _ 15 ---_--;_
• ! IG 0 lIlli olleeeo l:ll6 33 ?:ikl 34 41_ $} _ _4

0_10 totel eo_eeee I_Sq6 _3 NS2 _2 41_* _S :1I_4 _

03 _0
03 20 O

t-2_r_4 _[I_S A_O P_C[ ; ilZ( 3. 71 TN

I-2[GFU II1.J_[ _lR[ _SH I_AII 45 36 IG

_et_l02 20 0

03 20 tetli

|_I?t:_03 I|10 63
10 73 _ 72 4_ 7_

$5_.5_ _lt3 87
t6,3_ 740 2q

t736 75 17_ 75 _BS4 16 4_40 el

1736 7_ 17:ki 7S 1ITCh 7i t34_5 I]

0230

033_ I

x-l[_Ir_ _._¢I ¢0_¢ 2t0O Ill :_O_i l.(I ¢y

X*IC_I_N P_K[ ¢Ce*¢ 2S0O OR 3GOOi 13. 57 CV
1-1_I_ P_AC_ CO_C 2SOO _q 300_I _2 31 ¢Y
t*t[_r_ PI_C[ CCI_C 2SO0 _q 20GGo 20 _4 CV
X-I£KS_4 F_[ CGN¢ 250_ Q_ 300Oe I9 I7 ¢Y

1-1[#vm Pt_C£ CCN¢ 25G0 _q 300Go 29 73 ¢Y
I-l£P_S FI_ISHIN0 CGI_ I_AI 4100 _ IF

l*l£_lJ ¢U_l_ ¢0N¢ S_ SPAA_(O 4100 3_ IF
X-_._in_ PI._C( C0_¢ 250Q OR 30000 I. 04 ¢_

t_03 1410 i4 10

tl. lI |41 40 148 40
6.7l |4_71 14_ 71

1303 372. i2 272 I_
4. 79 43Q4_ 43Q _#
917 243 3S 2_3 25

O 17 be7. OS e97 G$
0.0_ i2 01 IQ Ol

la. 72
52.73

s7 o5 _i_U_
6#9_4

_A

.._............._ . ,......................_ •Prl_lCl : P_0T4 Pl_O_ _[TH I_

lltlPi|l : vI'&l'l " l

Ili_ilmlllli .........IHI I i1111111 III IIII I Ililllllillllllllllilllllll_k_lUAl _l¢lli I_I_11 lIKe! IIlIIIIIIIIIIII_A_lll I!11 II!111111111111111111

16 0IVIIION IVI

lb. It
i&. 51 0

X-IZAi2O 2'14' I_. IZOl_ I_. 1200 U

I.IZ_I_ _'!4" ITL. |{D£O IU_. _0.00 _i
I-IZ_ IkC_. IT£P L_¢MT _/P0_Y 11.00 £A

z-2_120 2"!4' ITL. |ID_D SuR 12.00 £A
X-2ZAI,_[ 2"X4" STL. IID_0 S_. 30 00

_o2Z_40_ ik_AN. STEP _IG_T _/poLv • II 0G [A
X--SZAgI¢ _ 40_ _D. IIPIN IAS_ _9_00 E_

16. 51.0 total

t6 _1 tot_l

I3. li 1_7,76 167.76

13_I 4_9.40 419 40
13.90 251. b4 2St &4

?t.2! 154 52

3_. 77 1703 tO
I_ tb 1471 El

4. 54 131

131. 10 IH l0 10010 _14
I0_t9.24

DlVlI|C_ IV1 IoioI l:i. IO Ill IO 4168 16 _t _i

"_. ........ . .... ,,_¢_;-;"" ......... :;.;;.............--.------1I I Ill .lle _...=.........l! w S=WO.*.e..U*_" w_='''*'_'':: "'.*I''`." _ 14 St 1394t_ 40
TQT_4. O_ CHAPTERS

::,:.:,..-.:.,':,... .....,:,...,.,..'"".... ....................... ;........ .............. " i....... :'- " ......

=l,,,lei=u
t 677_4 14

u=,l,ll,_

A_QF[T IO 0O • L9_31 VL

I_1 TOT_d. •

=,n,i*_le

i$11n_fl_ CNT_T lID CNT • "5125_1 _

ISCA_ATI_ _ IP[¢IN. ¢CNI. 10 00 _ 51555¸ t_

• • A IO _ t 534_ 71

¢_Tl_lrl_V IO. O0 _. 51"_klllO 71

• I| 141 I|¢¢E •



I. Government Estimate $385,282

2. GF&L $396,000 +2.8%

3. East Bay Elect. $397,227 +3.1%

4. Military Const Inc. $398,770 +3.5%

13. High Bidder $513,220

See Figure 6

Due to the erratic price of copper, etc., cable

suppliers may be requiring contractors to buy

an extra 5% of cable length. This would add

$13,000 to the Government Estimate. This

project was designed on Intergraph CAD and

estimating, using Intergraph/IBIS-CALC/Navy

Database Computer Estimating System. The Navy

Database was used as a reference file for cost

and supplemented with vendor quotes and KSC

unique cost data. This was the first CAD

design computer estimated project for KSC.

This computer estimating system also allowed

worse case scenario, as well as updated govern-

ment estimates, quickly, as the price of copper

kept changing during design and bidding. May

23, 1.989 KSC LCE gives CAD ACE briefing for

Development of Microstation CAD Estimating.

June 1989 - Where are We?

PRESENT AND FUTURE TYPES OF ESTIMATES

Manual estimating has been used by Government

and general contractors' estimators for over 75

years and will continue to be used by both the

Government and contractors' estimators for

those many applications where computer estimat-

ing is not practical or cost effective, such as

unique, one-of-a-kind, and complex projects

with too many variables to Justify extra train-

ing and customized c_mputerization, etc. A

recent survey of manual vs. computer estimating

of 113 shows 71% making manual estimates and

only 29% making computer estimates. This is

after 20 years of computer estimating. How-

ever, 70% of those surveyed want to mak@ _nd

use computer estimatina successfully. The

trendtoward more computer estimating should

continue as computer estimating becomes faster,

cheaper, more accurate, and easier to use;

especially with digitized estimating, voice

recognition, artificial intelligence and

CAD/ACCE (Automatic Computer Cost Estimating).

Computer estimating can be justified on repeti-

tive type projects or when two or more esti-

mates are required. Therefore, the followin_

four types/methods of estimating for the Gov-

ernment and contractors.

Present and Future TyPes of Estimates

I. Manual estimate, KSC Spec G-0002, TK

5-800

2. Computer estimates, CES/CACES/DOE

3. Digitized estimating, being developed

by the Navy.

4. CAD/ACCE being developed and tested by

NASA/Intergraph/IBIS-CALC

The PSCL estimates were deliv-

ered on 11/17/88 and 3/89 and proved that:

1. A project can be estimated from CAD quanti-

ties to get a fair and reasonable cost esti-

mate.

2. The architectural assemblies, elements,

wall, floor, ceiling (see type element chart)

and components can be used instead of a detail

database management system requiring cost/item

for each and every item in a building, thus

saving 10-50% of date line items in CAD draw-

ings quantities.

3. This accomplishment is now forcing the

developing of the next generation workstation

concept with integrated civil, structural,

architectural, mechanical and electrical design

packages to get a totally integrated cost esti-

mating system more automatically. There is

still a need for a simpler, faster and more

automatic computer estimating system that is

also IBM PC compatible.

THE 39 STEPS FOR DEVELOPING CAD ESTIMATES

I. Create (or copy) project (see figure 15)

2. Create (or copy) DDL (Data Definition

Language)

3. Add "AQUA" attributes

4. Add Code list #4 - finishes

5. Create (or copy) class code table

6. "Plan"which drawings are on which floors

7. Create (or copy) drawings

8. Place/manipulate graphics

9. "Trace" room perimeters

10. Compile database - can be done anytime

after Step 4

II. Load design file

12. Insert floor to drawing relations. See

Figure 9, Class Code Guide

AOUA
13.

14.

15.

16.

17.

18.

Manipulate finishes using the Tutorial

Establish relations

Label elements and graphic groups

Run AQUA report option

Review quantities and cross check

Generate correlation table. See Figure

i0, Sample Correlation Table.

19. Edit correlation table

20. Create IBIS-CALC'input file

21. Edit IBIS-CALC input file

22. Create the new project

23. Process input file into project

24. Activate reference project (Navy database

or KSC unique historical database)

25. From top level of project, save triangle

to get prices and substructures

26. Calculate and print estimate by spec code

27. Add civil, mechanical, electrical codes

and quantities



COST

28.

ENGINEERING ........

Add new prices for missing priced i_ems,

adjust prices for each unique project

(quantities and height)

29. Review cost estimates for accurate quan-

tities and prices

30. Add missing cost line items not an draw-

ing, in specs, etc., such as testing,

scaffolding, construction, cranes,

hoists, trusses, etc.

31. Do cost analysis of all major cost items,

vendor quotes, etc.

32. Summarize mark-up; do other summaries,

etc.

33. Review overall estimate

34. Apply bld/market strategy - special con-

ditions, Joint occupancy, down time

costs, etc.

35. Final mark-up (percentages)

36. Adjust for late vendor quotes, amendments

37. Final check

38. Approve bid estimate and get signatures

39. Gec bid in on time

SUMMARY LIST OF PROBLEMS, DIFFICULTIES AND

CHALLENGES

1. The need for industry standardization,

architectural, structural,, mechanical and

electrical CAD input data so pricing can be

more accurate. An answer may be that CAD/In-

dustry is now moving in this direction. (ENR

8/10/89, Corps seeks unity through CADD.)

2. The need for cost engineering standards of

cost codes (spec description). We used Navy

cost codes database but some are changing

again in 1989. (Good hope for the future with

MOU; Army, Navy and Air Force, October 1988,

Tri-Service Automated Cost Engineering Sys-

tem.)

3. The Bill of Materials from CAD programs

are not necessarily the construction estimat-

ing quantities needed to make a Detail Con-

struction cost estimate. The A_UA/IBIS-CALC

Estimating Program helped solve this problem

with a correlation table which also allowed

adding additional estimate quantities such as,

formwork, rebar, finishing, waste factor, etc.

4. The excessive training time required to

understand and used the system (10-24 weeks).

It is hoped that with the workstation concept

and evolution of CAD estimating, this may be

reduced to 1-2 weeks.

5. The CAD drawings must be complete (with

intelligent information) to obtain accurate

quantities. A special estimation/cost engi-

neering review step will be required.

6. The government estimating system requires

a detail description, quantity, unit labor,

total labor, unit material, total material and

total line item cost column for each line

item, for review and evaluation. This is not

yet possible with the IBIS-CALC product. This

is also necessary for proper markups for

labor, payroll, taxes, insurance and material

and equipment taxes. This government format

may be coming on the next IBIS-CALC version,

via the workstation with CES.

7. It is most important that these estimating

programs can update the cost database easily

for local areas, etc. This is another

enhancement needed. We plan on working on

this with the Navy (CES).

8. The difficulties in getting A&E's and

design engineers to use the CAD, with intelli-

gent drawing concept. It is still more expen-

sive initially; but with workstation CAD and

industry standardization; a more cost effec-

tive hardware and software; simpler systems;

and education; this problem will be gradually

solved as the benefits outweigh initial cost

and extra learning etc.

9. The hardware/software program developer

failure to have adequate end user (cost engi-

neer) input, requirements and responsibilities

in total system development is a common prob-

lem in computer program development. By

emphasizing this problem here and now, it is

hoped that the next generation will be wiser,

resulting in a faster, cheaper, easier to use

and more cost effective product.

I0. The excessive amount of customization for

each user is an expensive hidden cost consid-

eration. With industry standardization, work-

station CAD, linked to generic computer cost

estimating systems such as CES, MC 2, Bautec/

Access, and Timberline, this problem should be

reduced to an acceptable level; keeping in

mind that each user will have unique require-

ments, most of which should be solved with a

more flexible CAD/ACE.

11. The need for a totally integrated design

and estimating program is necessary so a com-

plete cost estimate can be derived more auco-

matically. This is now being planned for the

workstation being developed for release in

July 1990. The new system is planned to have

integrated architectural, structural, civil,

space planning, HVAC, electric wiring, plumb-

ing and piping. The quantities captured from

unintelligent (dumb) drawings (see Figure 12)

will be a new feature.

12. The problem of keeping CAD/ACE simple is

probably one of the most difficult and yet the

most necessary for acceptance by A&E's, own-

ers, government management, and primarily the

estimators/cost engineers. If it is to be

readily accepted and implemented as soon as

possible for more cost effective construction,

_J



it is hoped the simplistic workstation concept

as compared to the mini computer system will

be a major step to make CAD/ACE more simple.

We will continue working on this with future

enhancements. See Figure ii. Note 21 steps

for manual estimating vs. 39 steps for CAD

estimating. CAD/ACE needs to reduce this to

I0 steps. This should be accomplished after

the 15-20 projects are estimated and many of

the user variables can be identified, evalu-

ated and automated.

13. Making the CAD/ACE easier to use has been

one of the biggest challenges since estimat-

ing/cost engineers require years of education

and experience, and estimating may vary with

each project, each estimator and cost engi-

neer. Our work has been mainly centered on

detail labor and material government estimates

as required by TM 5-800, KSC Spec G0002, and

the Navy CES. Due to limited R&D, funding our

efforts have been trying to customize and

integrate many different hardware and software

programs which required many separate and dis-

tinct operations. This can be noted by the 39

steps shown previously to make CAD/ACE linking

up (39) separate/different programs to make a

complete estimate. The new workstation

CAD/ACE should be easier to use since it is

being designed and integrated for the worksta-

tion with II software packages in mind--see

sketch 4/12/89, Figure 12-. It is being

designed for some of the more popular third

party computer estimating programs so the

estimator can use the program with which he is

most familiar and experienced, that also fits

his needs best. An example is KSC and Navy

using CES which is Best suited for government

work. The Q-capture with unintelligent draw-

ings also could make it easier to add the

unique items not in CAD/ACE. It is hoped that

in developing the stand-alone system (See

Figure 13), it will be used by A&E/Estimators/

Cost Engineers without access to CAD ACE to

start using computer estimating tools. This

way, they will be ready when their firms start

using intelligent CAD and CAD/ACE.

14. DO as much as possible automatically, try

to limit the CAD/ACE tO little data entry

since most estimators apparently dislike this

requirement of present computer estimating

system. This requirement will have to be

developed as more projects are implemented

into this system. It is hoped that many steps

can be automated through advanced programing,

artificial intelligence, voice recognition,

etc. The basic concept is to use CAD for

quantities and to use quantity extraction

software and correlation tables for cost

codes, specifications, description, and other

tools such as a data base management system

for lasting and pricing out, a spread sheet

type program for pricing out and marking-up

the cost estimate. Also a report writing pro-

gram for formatting of reports and and to give

At the automatic flexibility not thought pos-

sible nine years ago when the CAD/ACE concept

was first advocated.

COST ESTIMATIONFLOW.DIAGRAM
_T£gGRAPN

]:

STANDALONE

T,1411_ PS,_T If

AUTOMATED - CAD

In summary, we are continuing to develop the

mlni-computer/CAD/estimating with the stand-

along version and requesting more CAD/APDP

design projects while advocating and cooperat-

ing in the development of the next version of

CAD/ACE which we hope and pray will be the

futuristic cost estimating system (Figure 14)

that will provide time for even more cost

engineering and ultimately more cost effective

and efficient construction for government and

aerospace and ultimately for you, the consumer

and taxpayer. Such a cost estimating package

would assist in the continuation of our ambi-

tious space program to ensure the United

States of continued preeminence in space

exploration of development and attaining our

new goals for Space Station, to the Moon, and

to Mars.
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COST ESTIMATE COVER SHEET !

!

GOVERNMENT ESTIMATES ARE ADMINISTRATIVELY CONFIDENTIAL !

ACCESSIBLE TO AUTHORIZED NASA/KSC PERSONNEL OR REPRESENTATIVES ONLY !

I

Project : REPLACE OF POWER FEEDERS AT THE SPACE SHUTTLE LANDING!

FACILITY, KSC !

OLF 60 HZ POWER._3 & T4 FEEDER !

99,000 LF OF I/0 15KV - !
!

Location : !
!

IFB No. : IFBI0-0009-9 OF 1/14/89 !
!

Bid Date : FEBRUARY 23, 1989 !
!

Amendment : I OF 02/08/89 !
!

Estimate Code: CI00 . !
!

PCN : 94051 !
!

Contract No. : !
!

!

I

l

J

Drawing No. 79k32623 Sht 3: Propared by: Ta¥ pitzqorald/Pat !

Tanner/Joe Brown !

F_rm/Address: DF_ED-21 !
!

Location: KSC Hqbld Fla !
!

Model No.: Submittal Date: 02/17/_9
!

Lead Designer: R. Carson Estimated By: Joe Brown/Pat Tanner !
f

KSC Cost Engineer: Joe A. Brown Phone No.: 867-3268/867-3447 !
!

Pro_ect Engineer: Reviewed By:
!

Approved By: !
!

Phone No.:
!

!
.b

Cost Estimating for procurement requires special handling in

accordance with DE ID-I142.23, KSC SPEC-G-0002 and KSC SPEC-G-0003 !

for GSE. !
!
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21 STEPS FOR MAKING BID KSTLMATES

GENERAL CONTRACTOR

Get the bid package from owner/A&E/government Same

"4.

5.

need

'6,

7,

8.

_9,

10.

11.

12.

13.
estimates,

14.

15.

3." *Read specb

*Make ehec_ list from specs and plans

*Tell civil, mechanical, electrical engineers you

estimates on their portions- ASAP

*Make site visit

_n your portion

-f

*Get quotas on own items

bonds_ark_mg_w._,tax, insuranos, O.H., profit,

*_estimate

tAd_vil, mechanical and electrical
etc.

•Sum_rize mark-up. Do other summaries, etc.

•*Review overall estimate

16. "*Apply bid/market strategy - special conditions,

joint occupancy, down time

17. *"Final mark-up

18. *'Adjust for !ate vendor quotes and amendments

_9. **Final check

20. Approve bid estimate and get signatures

21. Get bid in on time

Same

Same

Same

Different

Same

Same

Same

Similar

Similar

Similar

Same

Similar

Similar

Similar

Different

Similar

Different

(get bid bond)

Same

Same

*Most government estimates are prepared during the preliminary design phase

and finalized during the bid period; sometimes by A&E (architectural and

engineering firm), sometimes by consultants or sup_x)rt contractors.

*"Sometimes also by A&E firms for government agency. _,i. .
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Joseph A. Brown

AUTHOR 3ZOG_L?_LT._J.,
i

Posi=ton= Lead Cost Engineer

Company= NASA/KSC, FL -.

Address: DF- FED
Kennedy Space Center, FL 32899-0001

- ' i, ; "_
• ,; ." , , " . . _ ,'.. , ,,.). ,-. , , . ;..,... '".•

Paper TtCZe" Government vs. Contractor Estimating • _ •

P=ofeestonalF.xpertence=

Education"
Bachelor of Building Construction

BBC, 1959, University of Florida

Professional Society Affiliations

*aCE Member Yes_L_. No____

Other:

Publication=, Papers & Parents=

20 Technical Papers on
Cost Engineering, etc.

Honors Received=

AACE "Fellow"
"Silver Snoopy"
DE -' Outstanding Performance
Awarg, 1987-88

/

Joseph A. Brown, CCE, has prepared and reviewed
construction cost estimates amounting to over

$7 billion. He is a graduate of the University

of Florida with a Bachelor of Building Construc-

tion, BBC (1959). He has been a consultant to

commercial, industrial and residential complex

interests in several states including work for

the Walt Disney World Contemporary Resort Hotel.
He has received AACE's Fellow Award and the pres-

tigious astronauts "Silver Snoopy" for professional
excellence and his contributions to the success of

the manned space efforts. He has successfully

prepared estimates for the U.S. Army Corps of

Engineers and Air Force facilities. Mr. Brown has

written an estimating workbook and is writing a

text book, "Estimation of Construction Cost and

Cost Engineering." He is currently employed by

NASA at Kennedy Space Center, where he specializes

in construction cost engineering.
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